A nomogram based on both western and eastern populations to estimate the Disease Specific Survival (DSS) of resectable gastric cancer (RGC) has not been established. In current study, we retrospectively analyzed 4,379 RGC patients who underwent curative resection from the Surveillance, Epidemiology, and End Results (SEER) database. Patients diagnosed between 1998 and 2009 were assigned as training set (n= 2,770), and the rest were selected as SEER validation set (n= 1,609). An external validation was performed by a set of independent 1,358 RGC patients after D2 resection from Sun Yat-sen University Cancer Center (SYSUCC) in China. The nomogram was constructed based on the training set. The multivariate analysis identified that patient's age at diagnosis, race, tumor location, grade, depth of invasion, metastatic lymph node stage (mLNS) and total number of examined lymph node (TLN) were associated with patient's DSS. The discrimination of this nomogram was superior to that of the 7th edition of AJCC staging system in SEER validation set and SYSUCC validation set (0.73 versus 0.70, p=0.005; 0.76 versus 0.72, p=0.005; respectively). Calibration plots of the nomogram showed that the probability of DSS corresponded to actual observation closely. In conclusion, our nomogram resulted in more-reliable prognostic prediction for RGC patients in general population.
INTRODUCTION
Although the incidence has declined recently, gastric cancer is still the second leading cause of cancer relateddeath and the 5-year survival was less than 30% [1] . Radical resection with D2 lymphadenectomy is the only potential curative method for RGC. However, the survival of RGC patients after D2 resection varies greatly due to different clinical pathological characteristics [2] .
Currently, the American Joint Committee on Cancer (AJCC) classifies gastric cancer into nine groups in the 7th edition staging system [3] . This system assesses gastric cancer based on the depth of invasion, mLNS and the status of distant metastasis, and implies that the anatomical disease progression correlates with patients' survival. It has been widely used to predict the survival for gastric cancer patients. However, the variation of outcomes in intrastage patients cannot be accurately predicted by this staging system [4] , especially the individual survival for each patient. It is believed that host status and other prognostic factors such as age, race and histology could significantly affect the individual survival in some cancers [5] [6] [7] [8] [9] .
Nomogram, a simple statistical predictive tool, has been constructed in gastric cancer previously and proved to be useful and effective [10] [11] [12] [13] [14] [15] [16] [17] . By creating an intuitive graph, a nomogram can predict a numerical probability of a special clinical event, such as overall survival (OS), progression-free survival and time to recurrence [18] . As nomograms based on single population might be unapplicable to RGC patients of all regions, it is of importance that nomograms be validated in multi-
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population cohort before clinical application [4] . However, only a few nomograms predicting survival probability of RGC patients were validated in different populations [10, 12, [19] [20] [21] .
In the present study, we aim to develop and validate a nomogram for RGC based on a multi-institution and multi-population data from SEER database which contains both western and eastern patients with RGC. Additionally, we used a separate cohort from Asia for external validation. 4 ,379 gastric cancer patients from the SEER database between January, 2004 and December, 2012 were eligible for the present analysis (Table 1) . Overall, the median age in the primary cohort was 64.3. The most common tumor sites were cardia and antrum (35.3%, 31.5% respectively). There were 973 (22.2%) Asian or Pacific Islander (API) patients and 3,406 (77.8%) nonAPI patients. The median follow-up was 28.5 months, and the 5-year DSS was 46.6%. 2,056 (46.9%) patients died before the analysis of the present study. The 2,770 patients diagnosed between 2004 and 2009 were assigned as training set, and patient's clinical pathological characteristics were listed in Table 2 .
RESULTS

Patients and demographics
There were two external validation sets used to validate the nomogram in the present analysis. 1,609 gastric cancer patients diagnosed between 2010 and 2012 from SEER data were selected as SEER validation set. 1,385 RGC patients underwent D2 resection in SYSUCC from 2000 to 2011 were assigned as SYSUCC validation set. The clinical pathological characteristics were listed in Table 3 .
Selected independent risk factors for the nomogram construction
Clinical pathological variables were transformed and examined to fit the Cox PH regression and linear assumption before models construction. The potential variables from training set were analyzed by the forward method in multivariate analysis. As listed in the Table 2 , the patients' age at diagnosis, race, tumor location, grade, depth of invasion, mLNS and TLN were associated with patients' DSS (Chi-square test=1068.9, p<0.001), and the nomogram was constructed from this model (Figure 1) .
Validation of the nomogram
The external validation of the nomogram was performed by two individual external validation sets (SEER validation set and SYSUCC validation set). The clinical pathological characteristics of validation sets were listed in Table 3 . The predictive ability of the nomogram was compared to the 7th edition of AJCC staging system. First, the nomogram was validated by the SEER validation set. The C-index of which was obviously higher than that of the 7th edition of AJCC staging system (0.73, 95% CI, 0.70-0.76 versus 0.70, 95% CI, 0.67-0.74; p=0.005). Second, the discrimination of the nomogram was evaluated by the SYSUCC validation set. Interestingly, the nomogram based on the western (including 77.8% nonAPI) population also has an optimal discrimination in Asian population (C-index of nomogram: 0.76, 95%CI, 0.73-0.78 versus C-index of 7th edition of AJCC staging system: 0.72, 95%, 0.69-0.74; p= 0.005).
Next, considering that the longest follow-up of SEER validation set was 35 months, the 5-year calibration cannot be executed in SEER validation set. Therefore, the calibration plots were separately performed by the primary cohort and SYSUCC validation set. As shown in Figure  2 , calibration plots show that the predicted 1-year, 3-year and 5-year DSS corresponded closely to the actual survival estimated by the Kaplan-Meier method in the two data sets. Additionally, we compared the 1-year, 3-year and 5-year DSS predicting ability of the two models by the AUC (area of ROC curve) in the two data sets ( Figure  3 ). As shown in the Figure 3 and Table 4 , the nomogram shows superior survival predictive ability than the 7th AJCC staging system.
DISCUSSION
In this study, we developed and validated a novel nomogram of RGC patients underwent curative resection to predict DSS based on general population. A total of 4,379 gastric patients from SEER database and 1,385 RGC patients from Asia were analyzed. Our nomogram showed better predictive accuracy than the 7th edition of AJCC staging system in DSS prediction for the RGC patients (C-index: 0.73 versus 0.70, p=0.005 in SEER validation set; 0.76 versus 0.72, p=0.005 in SYSUCC validation set; respectively).
Several nomograms have been constructed in RGC patients, and show more accurate survival prediction than the conventional staging system in different populations. [18] . Compared with previous MSKCC nomogram and SNUH nomogram, our nomogram was developed and validated based both on western and eastern population. In this study, the race of patients was categorized as API and nonAPI. Interestingly, on the multivariate analysis, we found the nonAPI patients had a worse prognosis than API patients in the SEER data (hazard ratio: 1.337, p<0.001), which was consistent with previous studies [6, 7, 9] . Indeed, even in the same TNM stage, patients from different populations might lead to various survival, the reason may be the missing prognostic factor, the race. Currently, our nomogram was first time to use the patient's race as one of risk factors and could predict the DSS in general population more precisely.
Improving the accuracy of the survival estimation is exceedingly important for clinical decision. There are several advantages by using nomogram. Firstly, the accurate prediction would be favor for designing postoperative treatment. For example, in 2010, a phase III trial confirmed that adjuvant chemotherapy with S1
(an oral fluoropyrimidine) was an effective treatment for advanced gastric cancer patients who underwent D2 gastrectomy [22] . However, it is still uncertain whether all the RGC patients, especially, the patients with better prognosis require adjuvant chemotherapy. Since our nomogram could make a more accurate prediction of individual survival than 7th edition of AJCC staging system, it may be an effective criterion for patients to design an individual postoperative treatment. Secondly, our nomogram can calculate each patient's 1-year, 3-year and 5-year survival rate respectively. Therefore, it has potential to be used for a more reasonable follow-up schedule. Thirdly, nomogram can be used for patients' consultant. The variation of DSS intrastage can't be predicted accurately by traditional TNM-stage system. By contrast, our nomogram can provide individualized estimation for gastric cancer patients.
There are some limitations should be acknowledged. Firstly, only the patients who had complete information were included in present study, there may be a selection bias. Secondly, as this nomogram was based on SEER database, analysis was limited to the prognosis factors in the database. Several predictors such as Lauren classification, genetic differences, protein expression differences and postoperative treatments had not been included [23] [24] [25] .
In summary, we first develop and validate a prognostic nomogram based on a multi-institution and multi-population database predicting short-term and long-term DSS for RGC patients. Compared with the 7th edition of AJCC staging system, the proposed nomogram represents better prognostic discrimination and predictive accuracy for DSS. It can be used to calculate individualized survival prediction and provide better treatment allocation after curative resection.
PATIENTS AND METHODS
Patients
The SEER program is a national collaboration program by the National Cancer Institute. It collects and publishes approximately 3 million cases from a variety of geographic regions and covers 26% American population's cancer incidence and survival data. A retrospective review of all gastric cancer patients underwent gastrectomy from SEER database between 1998 and 2012 was performed. A total of 31,988 cases from SEER 18 registries were initially screened. Patients were excluded if they had incomplete information on depth of invasion, tumor size, positive lymph node (PLN), TLN or status of distant metastasis. Given that the 7th edition of AJCC staging system bases mLNS definition on the absolute PLN and suggests that "at least 16 regional lymph node be assessed pathologically", the patients (n=8,107) with TLN less than 16 were excluded from present study [3] . The remaining (n= 4,379) were defined as SEER primary cohort. Based on the SEER primary cohort, patients diagnosed as gastric cancer between 1998 and 2009 were assigned as training data set, and those between 2010 and 2012 were SEER validation set. The proposed nomogram was also externally validated by SYSUCC validation set. Of the 2,205 RGC patients who underwent D2 resection in SYSUCC between 2000 and 2011, 1,385 patients met the following inclusion criteria: no history of receiving anti-cancer therapy before surgery; no history of other malignancies; no distant metastasis; complete resection of cancer (R0 resection) with D2 lymphadenectomy; number of examined lymph more than 15; without one or more missing characteristics. The median follow-up was 36.8 months in training set, 14.0 months in SEER validation set and 36.7 months in SYSUCC validation set.
Study design
The data of patients' clinicopathological characteristics such as age at diagnosis, sex, race, surgery, tumor location, size, histology, grade, depth of invasion, PLN and TLN were collected. The pathological tumor stage, depth of invasion and mLNS were restaged according to the 7th edition of AJCC staging system [3] . The primary endpoint was DSS, which was defined as the time form surgery to cancer-related death or the last follow-up. The follow-up duration was measured as the time from the date of surgery to the last follow-up. The survival status was recorded according to the latest follow-up.
Construction of the nomogram
Based on clinical findings, categorical variables were grouped before modeling. Restricted cubic splines were used to evaluate the linear relationship between continuous variables and DSS [19] . Continuous variables were transformed into categorical variables to fit the linear assumption [20] . Independent risk factors were identified by the forward stepwise in the Cox proportional hazards (PH) regression model. DSS estimation and survival curves were performed by Kaplan-Meier method and validated by the log-rank test.
Nomogram was established based on the training set data. Based on the results of Cox PH regression, a nomogram combining all the independent prognostic factors was constructed for 1-year, 3-year and 5-year DSS predicting by using the package of rms in R software version 3.1.3 (http://www.r-project.org/).
Validation of the nomogram
The nomogram was validated by measuring both discrimination and calibration using two separated data sets. Firstly, the discrimination of nomogram was evaluated by Harrell's C-index, which can estimate the probability between the observed and predicted DSS. The higher the C-index, the more precise the survival prediction was. Discrimination between the proposed nomogram and the 7th edition of AJCC staging system was performed by the roccp. cens package in R. Following, calibration were carried out by grouping all the patients firstly, and then the mean of the groups were compared with observed Kaplan-Meier DSS estimation. Finally, the precision of survival prediction in 1-year, 3-year and 5-year time points were evaluated by the area under receiver operating characteristic (ROC) curve. p<0.05 will be considered as statistically significant. All statistics analysis were performed by the R software version 3.13 (http://www.r-project.org/) and the software statistical package for social sciences version 19.0 (SPSS, Chicago, IL).
